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A Systems Engineering Approach
to the Design of
Energy and Resource Efficient
Homes

The Building America
PartnerProgram

of the
Home Builders Association of Central New
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A Bundlng America home is a home that...

® creates energy efficient environments that:
- are affordable to operate
- use materials to their maximum potential

- minimize or eliminate waste
® creates healthy environments

® creates comfortable environments that are:
- aesthetically pleasing
- plenty of day-lighting
- draft-free

® creates durable environments that are:
- built to last
- provide moisture control and forgiving building envelopes
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Key Program Components

* Energy Conservation

* Improved Indoor Air Quality

« Water Conservation

» Conservation of Building Materials
« Solid Waste Reduction

 Performance measured by field
testing
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Performance Criteria |

« Energy Conservation - Building Envelope Systems

- Maximum Energy Consumption -Energy Star Standards
* The house will use at least 30% less BTU’s for heating,
cooling, and hot water, than a like sized reference house that
meets the 1995 Model Energy Code for the location (based on
computer simulations using approved modeling program such
as REM Design)

— Envelope Leakage

» Less than 2.5 sq. in. of leakage area per 100 sq. ft. of
envelope surface area (CGSB @ 10 Pa)
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Performance Criteria

« Energy Conservation - Mechanical Systems
— Refrigerated air conditioner unit with a minimum of SEER
12
— Radiant slab heat systems require min. R-10 insulated slab
perimeter

— Distribution of conditioned air
» Forced air systems that distribute air for heating and cooling will
be designed to provide balanced airflow to all conditioned
spaces and zones. Inter-zonal air pressure differences will be

limited to 3 Pa
— Duct systems to be located inside the conditioned space Ductwork
leakage to the exterior for ducts distributing conditioned air will be
limited to 5.0 percent of the total air handling system rated air flow
at high speed determined by pressurization testing at 25 Pa
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Performance Criteria |

* Improved Indoor Air Quality

— Dilution with controlled mechanical ventilation
Supply outside air @ 10cfm per person/occupancy based on #
of BR + 1, i.e. 3BR House = 40CFM)

— Filtration with filters that meet ASHRAE 52. 1 and 2 standards
- Source Control
» Design, build and operate homes for dry foundations
» Use only sealed combustion or power vented combustion
appliances to be installed in occupied spaces
» (Gas cook-tops and gas ovens must be installed in
conjunction with exhaust fans vented to the outside
» Use low-VOC paints,sealants, caulks, and finishes
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 Water Conservation

— demonstrated water conservation at 20% below
regional baseline with all of the following:
« shower heads that use 2.5 gallons per minute or less
 faucets that use 2.0 gallons per minute or less

» Energy Star dishwasher (use at lest 13% less energy
than minimum federal standards.)
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« Conservation of Building Materials

— demonstrated resource conservation techniques, at
least one of the following:
« advanced framing (framing member conservation)

» engineered lumber and sheet goods in lieu of
dimensional lumber and plywood
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Performance Goals

- Solid Waste Reduction Through
Recycling
— demonstrated solid waste reduction plan, at least
one of the following:
* job site framing lumber reuse or recycling
* job site drywall recycling

* job site cardboard and paper product recycling
* request minimized packaging from suppliers
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Cost Trade-Offs
Key Concepts
Cost Trade-Offs
Improve Building Envelope (+)
Downsize Mechanical Equipment (-)
Total Cost

Remains the Same or Costs Less
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Example-Building Envelope Characterlstlcs

Ceiling
Walls

Foundation

Windows

Infiltration

iz

R-38 flat attic

R-23 24”0.c. with 1/2” fiberboard
sheathing and asphalt impregnated
building paper exterior with OSB at
corners

Slab with R-5 perimeter insulation

Double glazed with vinyl frame, low-E
U=0.36, SHGC=-0.45

2.5 sq. 1n. leakage area per
100 sq. ft. envelope
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Example Mechanical Systems Characterlstlcs

Heat

Cooling
DHW
Ducts
Leakage

Ventilation

75% AFUE combo system inside
the conditioned space

12 SEER A/C

0.57 EF water heater in garage
In dropped conditioned ceiling
None to outside

AirCycler™ supply-only system
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Example of Estimated Annual Energy Use
Typical One Story 1200 sq. ft. house - Albuquerque, NM

(Mt =1,000.000 Bl Design loads: kBtu/ hr
Space Heating 29.6 Mbtu $125 Heating 18.0
Space Cooling 6.3 Mbtu $150 Cooling 14.5
Water Heating 28.8  Mbtu $122

$397 Annual heating, cooling and hot water

$ 33 Monthly heating, cooling and hot water
(calculated using utility rates as of 10/00)

Reduced carbon emissions by 7,725 pounds per year

Weather data for Albuquerque, New Mexico:
Winter design temperatures: indoor 72°F; outdoor 16°F

Summer design temperatures: indoor 75°F; outdoor 94°F
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Advantage to Homeowner

e Improve Health and Safety
e Provide ventilation strategies
e EXxercise source control

e Increase Energy Efficiency
e Increase affordability
e I[mprove comfort

e Reduce Resource Use
e Increase durability
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* More durable home -less call
backs

* More comfortable home -less call
backs

* Predictable lower utility bills

* Allows innovative marketing &
financing
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System Improvements

 Building Envelope Design
« Structural or Framing Systems
 Building Enclosure (Air Flow Control)

* |nsulation Systems

* Mechanical Systems

 Airflow Distribution Systems
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Building Envelope Design

* Windows are placed for optimal and passive
ventilation opportunities

« Shading provided to protect against overheating
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Rooms orlented aast to weast StagEering noms oF using

hawve good ventilation but ara wing walls incraases vantilation
lhweasgh rocms arignted noe

difficult 1o shade
] | ta south
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Framing Plan St
‘Use 2x6 @ 24” o.c. with stack framing B XK b o
ROy
*Most efficient use of wood as a DT == ||
structural system — reduces waste
*Allows more wall depth for additional .
. . ” il - ) . - Singla
insulation than 2x4 @ 16" o.c. <J | [ N Pl
' ",f-';;:_;— i _'-*nnllln.-u.rgd
*Reduces thermal bridging of wall el 1Y [ = by
elements (total percentage of framing e 1T CORY ol 1]
) cganing i FiM CESLER
thermal bridge goes down from 20% | -

to 10%) 9 \ |l upportadt
o I'.I'IWI?‘E _-\.h Ill wnder pont
\

undar loads. Use

window [neulated siolid blooking

opaning R : ", hadar bvrtwEsan
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ek Bluda




U.5. Departmant of Enargy

fow 0RAE

HUILLIFE RS
SR AT IS
R LINTRAL WA MDD

~ Advanced Framing System

FProgram Partner

* Insulated headers Opan insulated Single top plate

* No header necessary
at non-bearing walls

Couble header with

rigid insulation towards

inside prevents

gypsum board from

r cracking due 1o header
oy shrinkaga
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———— Cailing drywall

* Drywall clips allow for
better installation with ——— Clos oatstod
less drywall cracking

drywaller

~— End stud o
adjainirg wall

Insiall this panal
first, against clip
suppart

T Inestal this panel
against other side

———— SBheathing
T Rigid insulation

Clip
Dirywall
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Air Flow Retarder System

 Exterior ==

— 1/2” fiberboard sheathing ]_h =
with seams taped with #15 = ; B o
asphalt impregnated building { Eﬂwﬁhﬁﬁ
paper installed shingle :
fashion .:." s gy |

— 1/2” OSB at corners as neede
for shear

Exteriar shaaihing caulkod
ghasdl or gaskaled o bolom plale

' *
&, | Botiom plie instalksd ower sill gaskost

Miote: ahacked componants Sasigrae e Ty

air Boy relander syalam i o
- 5
L 1A &
e e
'y I - Iy
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Air Flow Retarder System

.-"-----
-

* Interior ==

~ ADA T N
Air Drywall Approach [D el e

——

Dryevall cauliad, glued
ar gaskeded 1o iop plate

 drywall glued to top and
bottom plate

* Foundations

_— e = =

— Gasket at sill plate connections %
to foundation : sotom e e e
[
— Sealant at slab foundation wall ; Oyt e g o
inte rseCtion Botiam plaie caulked ar

—

gaskstad io sublioos

ks

P
. T |
. Hote: shaded components Gesignabe

air fiow metarder syslem
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- Air Flow Retarder System

« Airtight electrical boxes

) _—— Flangs for saaling
Buslt-in seal al io drywall air barries

WIS SGA MO

| Gasket builtinkg box L~ Caulk at all wire pengiratians

L.

- Special alr-seakng basx — Saal at face 1o drywal with joind

compound ar with caulked foam
cower plabe gaske!

Nt tange ———t, | N

Standard plastic alecincal bos

= Caulk at all opanings
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Thermal Envelope System
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2 X6 @ 24" oc walls allow for
Increased wall insulation

Less thermal bridging
(fewer framing members)




U.5. Departmani of Enargy

fgw [0
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RAool tness .
* Increase trUSS A-38 blown celluloss insulation _h‘«.‘ “wx
nsulation baffle — provi M, M
depth for roof podatonoate —povie 1\ N

insulation AN

(2] layers of 1/2° XPS with
seams staggered horizontally
and verically and taped

e, —

1/2* gypsum board

*— Continuows bead
of sealtant
Conti bead —M S )
of H:lﬁrﬁ = B (2) 2x12 header flush with
; ] axterior lace of frarming with
rigid i kation indill

Minimal expanding loam sealant
enlire penmeater of window
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E" mini
vertical laps

* High performance =
windows
-'-alalc:l-ﬁ-'-ag-e- pla-'-e--::«-e-'
Fead feshrg and over lop

» Sill wrapped with of raion haa fangs of
membrane for moisture
protection

T 4" min
Feoriponial
aps

/!'%Jpnr.:unagn plana 1=l coursa

iy jamin Sashing and 50l Sashing
&l Bsbiam ol window sl
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Foundation System
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Concrete slab with
17 XPS perimeter
insulation

lia" fibarboard with £15 buslding
paper overay: lap joints shingle
style; "fo" OSE al corners
and as needed for shear

2 coal shucca with wine —e
Lath over building paper

Waap screed laps —
ovar foundaton wall il

R-19 blown-in-ball insulation

Giypsum board with semi-vapor
permealble paint {latex)

Peel and stick membrane capillary
break extended to top of slab

— Sealant or adhasive

_—— Bealant P Polyethylane
- wEpor bamar

Provide 3'-0° mulch |a
wilh droigh-
resistant plans | *

I'.-

Tifrs

"+:§!.r_
%A g
k= L
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Air Distribution System

* |nnovative ductwork system

* Ductwork located inside of
the building envelope in the
dropped plenum (i.e. not in
vented attics, exterior walls,
attached garages)
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Dropped ceiling with continuous

« All bedrooms have e bl anbr b
transfer grilles through I “q
interior partition walls into n i
i 1 Transhar grilla imo
the dropped ceiling I dropped plenum
MESSLINS
plenum for pressure relief grill

Gypsum wall board

equalization. The
dropped plenum has a

w4—— Stusd cavity; build

pressure relief grille ‘shor s anc
located in the hallway. celing plenum

 All doors are undercut 1”

i

* L] g
. Subfloor i
i / :
L .
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Central -fan-integrated Supply Ventilation

eInterior closet or basement configuration
» Outside air is o
supplied through
a 6” insulated duct

Control Wiring A/Wvgﬁ?gz; with
to the central return e Q T L i | { eeeee

* AirCycler™ control L

Humidistat
(optional)

b . . t . d Heating/
aing (locat fi
rnNgs In outside Humiing polutant sources)

air periodically even o

when the air handler /@

iS nOt On Cooling/

Dehumidifying
Air Handler Unit — | Apparatus I
/ Field measurement of outside
= air duct pressure, used to set
balancing damper position

Filter/Air Cleaner Register box Balancing

adapte amper T
slide-in filter 5 T
- / :




